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SEAGRASS TRANSECT MONITORING AND AERIAL PHOTOGRAPHY
IN OLD TAMPA BAY (TASK D)

Introduction
Between 1990 and 1996, increases of seagrass acreage in Tampa Bay occurred at a rate of about
350-500 acres per year. However, estimates by South West Florida Water Management District
(SWFWMD), following interpretation of 1999 aerial photographs, showed a substantial Tampa
Bay loss of about 2,070 acres between 1996 and 1999 (Tomasko 2002). Apparently, a large
portion (about 1,370 acres) of this loss occurred in Old Tampa Bay (OTB), with substantial
losses reported along the western shoreline between the Howard Frankland causeway and the
Bay-Side bridge, often called the Feather Sound area. Recent examinations of SWFWMD aerial
photos of this area indicate that primarily near-shore seagrass meadows were lost between 1996
and 1999.
In 2001, the Tampa Bay Estuary Program (TBEP), with numerous partners, designed the “Tampa
Bay Seagrass Restoration Strategy”, to assess potential causes and factors that may hinder
successful seagrass restoration primarily in the area defined above. Funding for this project was
provided by the Pinellas County Environmental Foundation (PCEF) and the study partners.
A technical task of the 2001 seagrass restoration strategy project, from here on called PCEF I,
was designed and implemented by the City of Tampa’s Bay Study Group (BSG) (see Johansson
and Avery 2004). This task was to determine seagrass species distribution and characteristics
with water depth in four selected areas in OTB, called quadrants NW (Feather Sound), SW, NE
and SE (see Figure 1). Further, the seagrass monitoring task coincided with an extensive
cooperative water quality monitoring effort of the OTB study area during 2002 and 2003.
In 2004, the TBEP and partners were again granted funds from the PCEF to conduct additional
seagrass and water quality research primarily in the Feather Sound area of the OTB study area.
The overall purpose of this work was to formulate a seagrass restoration and preservation
management strategy for, specifically, the NW quadrant. The BSG participated in this project,
from here on called PCEF II, and performed Task D of this project named “Seagrass Transect
Monitoring and Aerial Photography in OTB.”
In addition to the tasks originally identified for Task D, late in the project, the BSG also applied
an optical model to examine water quality, submarine light and seagrass condition relationships
for primarily the NW quadrant. This work was funded by the City of Tampa and did not use
funds from the PCEF grant.

Tasks performed and methods used
Seagrass Transect and Study Site Monitoring:
The four permanent Tampa Bay Interagency Seagrass Monitoring Program (TBISP) seagrass
transects, one located in each quadrant of the study area (Figure 1), that had been monitored
during the PCEF I study, were again monitored twice annually in early summer (May-June) and
fall/early winter (September-December) from 2004 through 2006. The monitoring followed the

sampling protocols currently employed by the TBISP, however, water quality measurements
were only collected during the fall samplings (see Avery and Johansson 2001). The Hillsborough
County Environmental Protection Commission monitored the transect in the SE quadrant, the
BSG monitored the transect in the NE quadrant, and the Pinellas County Department of
Environmental Management monitored the transects in the SW and NW quadrants on the
western side of the study area.
Sediment elevation contours of each transect, from near shore to approximately 2m depth,
expressed as local mean sea level (LMSL), were determined by the BSG using high resolution
kinematic GPS (KGPS) during 2004 through 2006 (see Johansson 2002 for a description of this
technique). Similar measurements were also performed during the PCEF I project.
In addition, sediment elevation measurements were also performed at 13 seagrass study sites in
the NW quadrant during 2004 through 2006 (Figure 2). Similar measurements at these sites had
also been conducted during the PCEF I project.

Aerial Photography:
The BSG facilitated the process to obtain professional quality vertical aerial photography (Gandy
Photography, Inc.) of the shallow areas in the OTB study area. Photography was conducted in
October 2004, April and October 2005, and April and September 2006. Natural color
photography, at a 1:13000 scale, was taken from an altitude of ca. 8500ft.

Ground-truthing of aerial photography:
The BSG performed on-the-ground examinations of several areas identified on the aerial
photographs. The areas selected appeared to have undergone significant recent changes of
potential seagrass signatures.

Optical Model Analyses:
Water quality data collected during the PCEF I project in 2002 and 2003 and more recent data
from Hillsborough Bay were analyzed in an optical model developed for Tampa Bay in 2006 by
Dr. C. Gallegos of the Smithsonian Environmental Research Center in Maryland (see Gallegos et
al. 2006 for a discussion of the derivation of model equations). The model was kindly provided
to the BSG to help improve the understanding of seagrass/water quality/light issues in,
specifically, the shallow areas of the upper portions of Tampa Bay. Light penetration of the
water column in these areas, where seagrass exists, or could be expected to exist, is often
reduced by relatively high levels of colored dissolved organic matter (CDOM) in addition to
reductions caused by phytoplankton, other suspended and dissolved matter, and the water itself.
The model was used to estimate PAR (photosynthetically available radiation from 400nm to
700nm wavelength) light attenuation coefficients (kd) from near 700 water quality samples
collected in the OTB study area during the 2002 and 2003 PCEF I project. Measurements of
chlorophyll-a, turbidity and CDOM were used as the water quality model input variables. In
addition, the model was used to calculate relative PAR attenuation coefficients for each of the

three water quality variables to determine how each variable ranks in influencing PAR light
attenuation. Finally, the model output also includes detailed information on absorption and
scattering properties by the three water quality parameters over the PAR spectrum range. This
information could be used to determine how variations in the three important water quality
variables affect light quality across the PAR spectrum and ultimately to determine relationships
between light quality and seagrass growth. Work to explore light quality issues and their
potential relationship to seagrass restoration and protection in the OTB study area has not yet
been completed.
Optical model results presented in this report are preliminary and will primarily be limited to the
NW quadrant of the OTB study area. The optical model analyses presented were not an
identified task in the PCEF II contract.

Results and Discussion
Seagrass Characteristics:
NW Quadrant (Figure 3):
Halodule wrightii, Ruppia maritima, and Syringodium filiforme were observed on Transect S1T17.
Generally, the most abundant H. wrightii coverage was noted over the first 1000m of the transect.
However, patchy H. wrightii was noted coexisting with S. filiforme over the 1700 to 2000m section.
T. testudinum was found sporadically near the185m mark of the transect, however, this coverage did
not fall within a pre-selected meter square placement.
The 0-1000m section of the transect has had the most variable coverage during the course of the
study due to fluctuations in H. wrightii and R. maritima. The minimum and maximum H. wrightii
occurrences within meter square placements were documented during fall 2004 and fall 2006,
respectively. As H. wrightii declined between May and November 2004, R. maritima began to
colonize the 200 to 600m section of the transect reaching maximum abundance in May 2005. Sparse
R. maritima has persisted through the fall of 2006.
Generally, S. filiforme was constrained to the 1700 to 2000m section of the transect. The abundance
for this species has fluctuated since 2001, attaining the greatest abundance in May 2003.

NE Quadrant (Figure 4):
Seagrass species distribution from Transect S1T5 was dominated by H. wrightii and R. maritima
inshore and transitioned to predominately T. testudinum further offshore. Generally, H. wrightii was
dominant along the 50-225m segment of the transect from 1998-2002. However, R. maritima
abundance and spatial coverage increased in 2003 and has since coexisted with H. wrightii in this
shallow area. In addition, abundance and coverage of both H. wrightii and T. testudinum has
increased on the longshore bar feature (a shallow sandbar oriented parallel to the shoreline about
400m from the shore) following the abundance minimum seen during 2003. Stable T. testudinum
coverage occurred between 225 and 400m and included a minor area of S. filiforme contributing to a
region of mixed species at the seaward edge of the 225 to 400m zone.

The bulk of the seagrass coverage was shoreward of the shallow longshore bar feature. This type of
seagrass species zonation associated with a longshore bar feature has been described as a fringe
perennial seagrass meadow by Lewis et al. (1985) and Lewis (2002). H. wrightii was the primary
species growing on the longshore bar.

SW Quadrant (Figure 5):
Prior to 2006, seagrass coverage along Transect S1T16 was dominated by a H. wrightii meadow
between 150 and 625m. R. maritima coverage was also found in this area. However, in 2005, the H.
wrightii inshore of 400m disappeared and R. maritima became the dominate submerged aquatic
vegetation (SAV) in this zone. Surprisingly, coverage patterns were again reversed between May
and October 2006 as R. maritima waned and was replaced by H. wrightii. Further, H. wrightii along
a deeper portion of the bar, between 650 and 750m, increased in both spatial coverage and in
abundance in 2005 and 2006.
T. testudinum coverage started near the seaward edge of the H. wrightii meadow and was, from that
point, the dominant species out to the crest of the shallow longshore bar feature. T. testudinum
reached minimum abundance near the crest of the longshore bar during 2005, but has since
recovered.
Generally, S. filiforme was the major SAV constituent on the offshore face of the longshore bar
feature. Coverage and abundance of this species was variable with the minimum occurring during
April 2005 and maximum in May 2003.

SE Quadrant (Figure 6):
Seagrass species information collected from Transect S1T6 since 1998 indicate that coverage has
shifted from zones comprised primarily of T. testudinum to a meadow co-dominated by T.
testudinum and H. wrightii. Although some H. wrightii has recolonized within existing T. testudinum
beds, much of the new H. wrightii has recolonized previously unvegetated areas between zones of T.
testudinum. S. filiforme was noted at both the shallow and deep ends of the transect.
S. filiforme coverage has persisted along the 350 to 400m section of the transect where the offshore
face of the longshore bar feature is located. Coverage and abundance of this species was variable
with the minimum occurring during October 2006 and maximum in October 2005.
T. testudinum increased along the 150 to 225m section of the transect between 1998 and 1999,
however, only minor interannual variations in coverage and abundance was noted recently in this
species.

Seagrass Study Site and Transect Sediment Elevations:
Sediment elevation measurements of the 13 seagrass study sites in the NW quadrant of OTB
were conducted in 2002, 2003 and 2006. A summary of results from these measurements are
shown in Table 1. In addition, Figure 7 shows a surface plot with depth contours for study site
NW1 as an example of plots that were produced for each study site.

Sediment surface elevation of the thirteen study sites measured in the 2002-2003 and 2006
surveys were generally similar and differences between the two periods most often did not
exceed 10 to 15cm. The error of the method is estimated at approximately +-5cm. Therefore, for
most study sites, significant loss or accumulation of sediment between the two sampling periods
does not appear to have occurred. However, study site NW1 (see Figure 2) appears to have
become 15 to 20cm shallower over the study period. This study site is located on, or near, the
crest of a prominent transverse sand bar. Transverse sand bars, seen at many locations in Tampa
Bay, appear to be indicators of a dynamic sediment environment. It is therefore possible that
sediment accumulations as high as 20cm occurred at this site over the study period. Further,
study site NW4 was measured to be -0.75 to -0.85cmLMSL deep in 2002-2003, however, two
surveys in 2006 resulted in a relatively wide range of depths, -0.60 to -1.00cmLMSL. The cause
of the wide range in depths in 2006 is not certain, unidentified errors in measurements may have
occurred.
Sediment elevation contours of the four TBISP seagrass transects, one located in each study
quadrant of OTB (see Figure 1), were measured during the PCEF I project, and again at various
times during the PCEF II study period.
The sediment elevation profiles recorded at the transect located in the SE quadrant (Figure 8) in
2002 and 2004 suggest that depths increased by as much as 20cm over the 280 to 330m area of
the transect during the study period. The location of the suggested sediment erosion is near the
sharp drop-off to deep water and this area could, therefore, be expected to be strongly affected
by waves breaking as the water shallows. 2004 had a very active tropical season with several
hurricanes and tropical storms affecting the Tampa Bay area. It is quite likely that storm
generated waves caused the apparent erosion. Fonseca et al. (2002) examined historic wind data
for Tampa Bay and concluded, that due to the prevailing wind direction, the shallow areas on the
eastern side of the bay were more susceptible to storm effects than the more sheltered areas on
the western side. The effects of storm events may also be reflected in the coverage of seagrass in
the 300 to 400m area of the transect. Seagrass cover thinned considerably in this area over the
2003-2004 period, but coverage increased during the more quiescent period following 2004 (see
Figure 6). Several other areas of the transect showed smaller variations in sediment elevation in
the order of 10cm. Variations of that magnitude could be caused by several errors associated
with the survey technique.
A similar indication of erosion near the sharp drop-off to deep water was also found at the
transect located in the NE quadrant (Figure 9). Surveys conducted in 2002 and 2003 at this
transect show a prominent long-shore bar feature present at the 380 to 400m area of the transect.
Several surveys in 2005 show that this feature was less prominent and that the depth had
increased by about 20cm in the area where the bar crest previously had been located. It is likely
that storm generated waves may have caused the apparent erosion in this area as well (see the
discussion above and Fonseca et al. 2002). However, no loss of seagrass that potentially could be
associated with the deepening of the bar were obvious from the seagrass transect monitoring
data. Further, the sediment elevation surveys indicated very small, if any, sediment elevation
changes from the shore to approximately 300m.
The transect located in the SW quadrant has a prominent long-shore bar located approximately
800m from shore (Figure 10). In contrast to the NE transect, however, this feature remained
virtually unchanged during the study period 2002 to 2005. This area may have received less

impact from storm and prevailing wind generated waves during the study period than similar
areas on the east side of OTB (see Fonseca et al. 2002). In addition, sediment elevation along the
entire transect appears to have been very stable over the study period, which is in agreement with
the findings for most of the seagrass study sites.
The near 3000m long transect in the NW quadrant showed very little variation in sediment
elevations along the entire transect over study period 2002 to 2006. All variation between
surveys seen in Figure 11 are smaller than the potential measurement errors, suggesting that
sediment elevations remained relatively stable over the entire length of this transect.

Aerial Photography:
Vertical aerial photography of the shallow areas in the OTB study area was conducted in
October 2004, April and October 2005, and April and September 2006. This series of
photographs, combined with the series taken during the PCEF I project, provides a seasonally
detailed seven year photographic record of the OTB study areas.

Ground-truthing of aerial photography:
The BSG performed visual examination of the aerial photographs of the OTB study area
obtained from 2004 to 2006. Several areas were identified that appeared to have had undergone
significant changes of apparent ground cover signatures since the start of the PCEF project.
These specific areas, listed below, were visited during the project and the dominant components
most probably responsible for creating the signatures appearing on the photographs were
identified.
Two areas of interest were noted on a photograph from October 2004 covering the Largo Inlet
and the Allen Creek area on the western side of OTB (Figure 12). The large dark signature at the
mouth of Allen Creek was visited in December 2004. This signature resulted primarily from a
dense cover of an unidentified attached filamentous green alga. A second area, near-shore
between the mouth of Allen Creek and the Bay-Side bridge, was visited in August 2005. This
signature was primarily caused by thin H. wrightii cover.
A photograph taken in April 2005 of Mobbly Bay in northern OTB showed an extensive
signature covering a large portion of the bay (Figure 13). This area was first visited in May 2005
and then revisited twice in 2006. The signature primarily resulted from a mix of Halophila
engelmanni, H. wrightii, R. maritima and Caulerpa prolifera cover. However, a substantial
amount of drift macro-algae was also present, specifically at the northern edge of the pronounced
signature. The macro-algae species found were: Gracilaria sp., Spyridia filamentosa, and
Agardhiella sp.
Two areas identified from a photograph taken in April 2005 of the Channel A area in
northeastern OTB were visited in May 2005 (Figure 14). One large signature, located mid-way
on the shallow shelf, between the nearshore H. wrightii meadow and the deep edge of the shelf
consisted primarily of thin S. filiforme mixed with H. wrightii. The second area visited appeared
as a patchy signature on the photograph and was located on the offshore slope of the shallow
shelf just south of the Channel A dredge cut. This signature was apparently caused by clumps of

drifting macro-algae, primarily Gracilaria sp. Further, this patchy signature appears to be absent
in subsequent photographs of this area.
Several large signatures located in relatively deep water just south of Rocky Point in eastern
OTB were identified on the October 2004 photographs (Figure 15). Two sites in this area were
visited in December 2004. The site furthest offshore, about 2m deep, was found to primarily
contain large aggregations of large size green mussels (Perna viridis) and a mix of macroalgae.
The shallower site, about 1.2m deep, had coverage of H. wrightii, green mussels and oysters
(Crassostrea virginica).
In addition, many areas which are not specifically discussed under this sub-heading were also
field examined for seagrass species composition during the project. These areas include seagrass
study sites, transects and numerous other areas (see Figure 16). Specific information concerning
these sites can be found elsewhere in this report or can be obtained by contacting the BSG.

Optical Model Analyses:
A comparison between kd values measured in the field in the NW quadrant during the 2002 and
2003 PCEF I water quality study (Figure 17) and model estimated kd values using the three input
parameters (chlorophyll-a, turbidity and CDOM) indicate a very close agreement between
measured and modeled values (Figure 18). The optical model appears to slightly underestimate
the field measured attenuation coefficients. The relationship was weaker when measured kd
values from the entire OTB study area were compared to model values.
To examine potential relationships between water quality, submarine light availability and
seagrass condition in the NW quadrant, the following procedure was employed:
Modeled kd(PAR) coefficients were calculated for all water quality samples collected in the NW
quadrant. The kd values were then separated into two seasonal groups (spring-early summer and
late summer-fall) for both 2002 and 2003. Areas of equal kd coefficients for each seasonal group
were then plotted on a map of the NW quadrant using the minimum curvature interpretation
method (SurferR software). The 2002 spring-early summer map is shown as an example (Figure
19). The locations of each 100m seagrass survey point of the entire 2700m long seagrass
transect in the NW quadrant were then overlaid on these maps. The modeled kd value
corresponding to each of the100m locations and the known depth of the location (see Figure 11)
were then applied to the Lambert-Beer equation to estimate the average percentage of incident
light, %Io(PAR), that would reach the sediment surface at that location during each respective
season and year. Figure 20 shows the estimated modeled kd coefficients and %Io values along
the transect for the two seasons in 2002 and 2003.
Also plotted in a similar manner in Figure 20 are the relative contributions of CDOM,
chlorophyll-a, and turbidity to the modeled kd(PAR) coefficients. The relative importance of
each parameter in affecting PAR light attenuation is shown as a percentage of the modeled kd.
Figure 20A shows that water quality (PAR light penetration) was relatively good in the springearly summer of 2002. The %Io at the sediment surface of the relative shallow portions of the
transect (see Figure 11) from shore to 2000m was generally above 60%, which is a substantial
higher amount of light than the 20.5%Io that has been proposed as the minimum required for

seagrass growth in Tampa Bay (see Dixon 2000). Figure 20A also shows that turbidity
apparently had the greatest influence on kd values for the entire transect and that CDOM had a
slightly greater influence than chlorophyll for most of the shallow portion.
Light penetration was reduced over the entire transect in late summer-fall 2002 (Figure 20B),
however, %Io still was near or above 40% over the shallow portion of the transect. Turbidity still
had the greatest influence on kd values for the entire transect, however, CDOM had a substantial
influence on kd from the approximately 400 to 1200m portion of the transect. In the 1600 to
2000m portion, commonly called the “Hump” area, CDOM influence was low, but turbidity and
chlorophyll-a influenced kd substantially.
During spring–early summer 2003, %Io generally ranged between 40 and 55% over the shallow
portion of the transect (Figure 20C). Turbidity again appeared to have had the greatest influence
on kd values for the entire transect. CDOM influenced kd to a greater extent than chlorophyll
from shore to the 2200m mark of the transect.
A minute phytoplankter, most likely a chlorophyte (green alga), bloomed in dense concentrations
in OTB for several months during the latter half of 2003. The bloom increased chlorophyll-a
concentration to unusually high levels (see Greening 2004). Also, measured water color was
high during this period. As a result of the reduction in water quality, light penetration decreased
dramatically during the 2003 late summer–fall period in the NW quadrant (Figure 20D). Percent
Io, over large portions of the shallow area of the transect in this quadrant, was reduced to levels
between 20 and 30%. Turbidity appears to again have had the greatest influence on kd. Further,
CDOM and chlorophyll were generally of equal importance in affecting kd over most of the
transect, except in the most near-shore area where CDOM had a substantial influence.

Light availability and seagrass abundance:
As already discussed, all seagrass species distribution and abundance surveys conducted for the
seagrass transect in the NW quadrant are plotted in Figure 3. The figure shows that H. wrightii
was abundant over the first 1000m of the transect from the initial survey in May 2001 through
the May survey in 2002. Similarly, S. filiforme was abundant during this period on the 1600 to
2000m portion of the transect. Water quality information is lacking for 2001. However, based on
the field measurements from 2002, estimated light availability at the sediment surface was high
on these portions of the transect during spring-early summer of 2002 (see Figure 20A).
Substantial thinning and loss of H. wrightii, was noted over the first 2000m of the transect in the
fall 2002 survey (Figure 3). The thinning and loss may reflect the reduced light penetration
which occurred over the entire transect in late summer-fall 2002 (Figure 20B). However, in the
1600 to 2000m “Hump” area , S. filiforme was still abundant despite the reduced light
penetration. As already noted, turbidity and chlorophyll-a influenced kd substantially in this
area, but CDOM influence was relatively low.
The 2003 spring transect survey showed that H. wrightii abundance over the first 2000m of the
transect may have recovered slightly from the losses noted in fall 2002 (Figure 3). S. filiforme
was still abundant on the 1600 to 2000m portion of the transect. Light penetration over the first
2000m of the transect was relatively similar to the fall 2002 estimates (Figures 20B and 20C).
However, the chlorophyll-a influence on kd decreased over the “Hump” area.

H. wrightii coverage measured in October 2003 over the first 2000m of the transect continued to
be sparse compared to coverage found in May 2002 and preceding surveys (Figure 3). S.
filiforme was still abundant on the 1600 to 2000m portion of the transect. Percent Io over a large
portion of the shallow area was reduced to levels between 20 and 30% (Figure 20D). In contrast
to previous seasons discussed, CDOM and chlorophyll were generally of equal importance in
affecting kd over most of the transect.
In summary, results indicate that near 60%Io reached the sediment in the relative shallow
portions of the transect (see Figure 11) where H. wrightii was abundant in May 2002. Similarly,
recent studies in the Kitchen area of Hillsborough Bay (BSG unpublished) and earlier
investigations of light availability at the deep edge of H. wrightii meadows in the upper portions
of Tampa Bay (Johansson 2002) have also shown that PAR light levels as high as 60%Io may be
needed for sustained growth of near-shore H. wrightii beds. As water quality conditions
worsened during the latter part of the 2002 - 2003 OTB study, the abundance of H. wrightii on
the transect was substantially reduced. The %Io reaching the sediment over large portions of the
shallow area of the transect also decreased substantially during this period, suggesting that the H.
wrightii losses may have been caused by insufficient PAR light availability.
In contrast to the shallow H. wrightii beds, the abundance and areal distribution of the S.
filiforme further offshore at the “Hump” area, remained relatively stable over the study period.
This occurred even though PAR light penetration in this area was also substantially reduced from
over 60%Io in spring 2002 to 20 to 25 Io% in fall 2003. These findings, based on PAR light
measurements, therefore, indicate that S. filiforme can maintain sustained growth at lower light
levels than what appears to be needed for sustained growth of H. wrightii in this area of Tampa
Bay.
However, PAR light availability, by definition, is a broadband measure of available light and
does not fully account for differences in spectral light quality caused by variations in water
quality constituents over the seagrass beds, and ultimately, the amount of usable energy reaching
the seagrass leaves. It is therefore quite plausible that the more near-shore H. wrightii beds and
the offshore S. filiforme may have very different PAR light requirements, but still may have
similar spectral requirements of light energy (photons) for photosynthesis.
This concept, which to date has received limited consideration in estuarine seagrass and light
relationship studies, will be discussed further below. However, an evaluation the seagrass
abundance and spectral light quality relationships in the NW quadrant of OTB was not identified
as a work task for the PCEF II study. Thus, field or laboratory measurements were not performed
to directly address spectral light quality issues and the discussion below will be limited by the
information available.

Spectral light energy considerations:
The spectral quality of the light reaching the seagrass leaves and the ability of the seagrass to
absorb this energy determines the amount of energy ultimately available for photosynthesis. This
energy can be referred to as photosynthetically usable radiation (PUR), a term first introduced by
Morel (1978). Variations in concentrations of water quality constituents with different light
absorption and scattering characteristics, therefore, determine the spectral quality of the light and

the amount of usable energy reaching the seagrass.
The ability of higher aquatic plants to photosynthesize is strongly dependant on the availability
of high energy blue light (Kirk 1976). Specifically, CDOM is a very strong absorber of blue
light, but high energy light absorption by chlorophyll and other phytoplankton pigments during
blooms may also be substantial (Kirk 1994). Therefore, the amount of energy reaching the
seagrass, and ultimately utilized in photosynthesis, may not be fully understood from estimates
of light penetration based on broadband PAR estimates. For example, an area with high CDOM
may have a similar amount of PAR light reaching the bottom as a low CDOM area with higher
chlorophyll and/or turbidity. However, the most usable fraction of energy for seagrass
photosynthesis may be much less in the high CDOM area due to the relative high absorption of
blue light by CDOM.
The shallow H. wrightii beds in the NW quadrant of OTB are located adjacent to large mangrove
areas, which often appear to export waters with high CDOM content to the shallow seagrass
beds. Also, the 2002 and 2003 water quality measurements show that CDOM concentrations
over the near-shore H. wrightii beds were generally higher, than at the more offshore S. filiforme
beds. As a result, the shallow near-shore seagrass beds may frequently receive relatively low
amounts of usable light energy because of the CDOM, and other water quality constituents,
impact on light energy absorption. Light energy limitation may, therefore, affect the shallow H.
wrightii beds, albeit that these beds are located in relatively shallow depths and that estimates of
PAR light availability indicate that beds most often, even during very poor water quality periods
(see Figure 20D), received light above the 20.5%Io PAR light limit target adopted for Tampa
Bay.
More detailed studies are needed to further support the theory of potential light energy limitation
of the near-shore seagrass beds. However, periods of low photosythetically usable light in the
near-shore areas in the NW quadrant of OTB, and other similar areas with substantial influence
of CDOM, in addition to other water quality constituents, may explain the observed sporadic
occurrence of shallow H. wrightii beds in this and other areas in the upper portions of Tampa
Bay.

Transect seagrass abundance and rainfall amounts:
The extensive PCEF I project water quality measurements in OTB were terminated in October
2003, precluding further detailed modeling of submarine light conditions of the study area.
However, detailed seasonal surveys of seagrass species distribution and abundance have been
continued to date for the four transects located in the study area.
Surveys of the seagrass transect in the NW quadrant following the fall 2003 survey shows that
S. filiforme has remained relatively abundant on the 1600 to 2000m portion of the transect
(Figure 3). However, nearly all H. wrightii coverage was lost in 2004 on the first 2000m of the
transect. The only abundant H. wrightii found on the transect at that time coexisted with S.
filiforme on the 1600 to 2000m portion of the transect.
A cursory examination of seasonal near-shore H. wrightii abundance on the first 1000m of the
transect in the NW quadrant, from May 2001 through October 2006 (Figure 3), suggested that a
potential relationship may exist between seagrass abundance and rainfall amounts measured at

Tampa International Airport (TIA) located approximately 13km from the transect (Figure 21).
A more in-depth examination of this potential relationship was done and the results are presented
below. Mean H. wrightii abundance was calculated from about 40 survey points from shore to
the 1000m mark on the transect for each year and season (Figure 22). Abundance values were
estimated from the Braun-Blanquet classification system. Also shown in this figure is the total
amount of rainfall recorded at TIA for the 12 month period preceding each seagrass survey date.
However, an unusual high amount of rain in December 2002 (+350mm) was excluded from the
comparison and was substituted with the long-term average December rainfall at TIA. Figure 23
is a linear regression plot of the data shown in Figure 22.
A relatively strong statistical relationship exists between near-shore H. wrightii abundance and
rainfall amounts over 12 months preceding the seagrass surveys as shown in Figure 23. The
relationship suggests that high rain fall periods are followed by reductions in near-shore H.
wrightii abundance. The high rainfall periods can be expected to degrade water quality
conditions and increase concentrations of CDOM and others water quality constituents that
affect both the quantity and quality of the light reaching the seagrass. Therefore, the relationship
between H. wrightii abundance and rainfall indirectly supports the theory that the observed
sporadic occurrence of shallow H. wrightii beds in this and other areas in the upper portions of
Tampa Bay may result from potential light energy limitation.

Conclusions
Seagrass Characteristics:
Seagrass observations from both transects and study sites indicate, in general, that there were no
large losses of seagrass in the NE, SE, and SW quadrants during the period of study. However, there
were shifts in seagrass species composition within specific areas and these changes are discussed
below. In the NW quadrant seagrass species composition changed little, however, there were
substantial reductions in H. wrightii coverage in this quadrant during the period of study.
The transect data from the NE quadrant indicate that seagrass coverage (independent of species
composition) was relatively consistent out to 450m. However, there was a species shift between
2002 and 2003 from a H. wrightii dominated community along the 50 to 200m section of the transect
to a community co-dominated by H. wrightii and R. maritima. Further, the seaward seagrass edge of
the transect receded near 40m from 1998 to 2003, but during 2006 seagrass coverage again increased
in this area.
The transect data from the SE quadrant indicate that T. testudinum coverage and abundance was
more stable than that of S. filiforme. However, the major SAV change in this area resulted from an
expansion of H. wrightii during 2002 and 2003.
In the SW quadrant the variability in the abundance of S. filiforme and T. testudinum was minor.
However, H. wrightii and R. maritima coverage in the inshore region was extremely variable over
the course of the study, with each species periodically dominating or co-dominating the seagrass
community.
A substantial seagrass loss was reported for the NW quadrant between 1996 and 1999, primarily of

near-shore seagrass meadows (see above). It is not certain which seagrass species contributed to the
loss, however, following 1999, there was considerable recolonization of near-shore H. wrightii in the
NW quadrant. H. wrightii coverage increased on the NW quadrant transect from May 2001 through
May 2002, near the time for implementation of the PCEF I project. Therefore, the PCEF I study
appears to have been initiated during a period of H. wrightii expansion in the NW quadrant.
Following the period of H. wrightii recolonization in the NW quadrant, a decline in transect
coverage was noted in fall of 2002. The decline appears to have continued through 2004. However,
following the fall 2004 survey, near-shore H. wrightii coverage and abundance has again increased.
S. filiforme has been present in a relatively small offshore area in the NW quadrant over the study
period. The area where the species has been located has remained relatively stable, but abundance
measurements from the transect in this quadrant has shown some minor variations.
Drift macroalgae were not found in any substantial amounts along the four transects during the
recent PCEF II study project. See a discussion of potential macroalgae impacts on seagrass
abundance and coverage in Johansson and Avery (2004).

Seagrass Study Site and Transect Sediment Elevations:
Sediment surface elevations of the 13 seagrass study sites in the NW quadrant of OTB conducted
during 2002 and 2003, and again in 2006 were generally similar. Therefore, for most study sites,
significant loss or accumulation of sediment between the two sampling periods does not appear
to have occurred. However, study site NW1 appears to have become 15 to 20cm shallower over
the study period. Further, a relatively wide range of depths were measured during two surveys in
2006 for study site NW4. The cause of this variation is not certain.
Sediment elevation profiles measured at the four TBISP seagrass transects in the OTB study area
generally show that the two transects in the NW and SW quadrants changed very little in
sediment elevation over the entire transects during the PCEF project study period. Similarly,
sediment elevation profiles for the two transects located on the eastern side of the study area, in
the SE and NE quadrants, changed little in the near-shore portion of the transects. However, both
these transects show substantial loss of sediment in the offshore area of the transects over the
project study period. These losses may be related to storm impacts that occurred during the very
active tropical season in 2004.

Ground-truthing of aerial photography:
Findings from the field examination of potential seagrass signatures identified on the aerial
photographs reveal the importance of conducting detailed ground-truthing efforts when using
interpretation of aerial photography for seagrass mapping. Several of the apparent seagrass
signatures visited during this study were caused by algae and hard live bottom communities.

Optical Model Analyses:
An excellent agreement was found between field measured and model light attenuation kd(PAR)

in the NW quadrant of OTB.
Light attenuation for the NW quadrant was higher in 2003 than in 2002. Further, light
attenuation increased sharply in the late summer-fall period of 2002. The increase coincided with
increased rainfall.
Seagrass surveys of the seagrass transect located in the NW quadrant from 2001 through 2006
suggest that near-shore H. wrightii growth is negatively impacted by periods of high rainfall. A
similar impact was not evident for S. filiforme growing further offshore.
Results from this study, recent studies in the kitchen area of Hillsborough Bay and earlier
investigations of light availability at the deep edge of H. wrightii meadows in the upper portions
of Tampa Bay, all suggest that PAR light levels as high as 60%Io may be needed for sustained
growth of the near-shore H. wrightii beds.
PAR light availability, by definition, is a broadband measure of available light and does not fully
account for differences in spectral light quality caused by variations in water quality constituents
over the seagrass beds, and ultimately, the amount of usable energy reaching the seagrass leaves.
The near-shore H. wrightii and the offshore S. filiforme beds may have very different PAR light
availability, but may still have similar requirements of light energy (photons) for photosynthesis.
High rainfall periods can be expected to degrade water quality conditions and increase
concentrations of CDOM and other water quality constituents that affect both the quantity and
quality of the light reaching the seagrass. Therefore, the observed sporadic occurrence of shallow
H. wrightii beds in the NW quadrant of OTB and other areas in the upper portions of Tampa Bay
may result from potential light limitation.

Seagrass Management Recommendations and Suggestions for Future Studies
In the technical report produce by the BSG for the first phase of this project, PCEF I (see
Johansson and Avery 2004), it was recommended that the interaction between seagrass coverage
and the long-shore bar features found in several of the OTB quadrants, and in other areas of
Tampa Bay, be better understood. Subsequently, and as a partial result of this recommendation, a
detailed cooperative study of seagrass coverage and long-shore bar relationships were initiated in
2006 in an area south of the MacDill AFB in Middle Tampa Bay. The study is currently ongoing
and preliminary results will be available in mid 2007.
Sediment losses were noted along transects in the OTB study area during the recent study period,
specifically at the offshore areas of transects in the NE and SE quadrants. The sediment losses do
not appear to have substantially impacted seagrass coverage to date, however, if the losses
continue, it is very likely that significant seagrass losses will eventually occur.
It is recommended that the current monitoring effort of seagrass species distribution on the
transects in the four quadrants of the OTB study area be continued on an annual basis. Sediment
elevation profiles of the four transects should also be conducted periodically. Also, aerial
photography of the shallows of the four quadrants should be conducted during the fall on an
annual basis.

Similary, it is recommended that area-wide seagrass mapping of the OTB study area, and other
areas in Tampa Bay, not be limited to the currently used generic “seagrass” category, but that at
least larger seagrass meadows periodically are identified to the species level.
It is further recommended that the measure of success in restoring and protecting Tampa Bay
seagrass meadows be less focused on periodic losses and gains of near-shore H. wrightii and
other ephemeral species. Such focus appears to have occurred for the Feather Sound area in the
NW quadrant of OTB, where apparent losses of near-shore H. wrightii noted in 1999 have driven
a determined search for management solutions to address the losses. The periodic loss and gain
of the ephemeral species appears to be related to climatic conditions which may be difficult to
control through local management options. Further, the ephemeral nature of these species
introduces a substantial amount of “noise” to the periodic Tampa Bay seagrass coverage
estimates that may mask important temporal and spatial trends in more stable seagrass species,
such as T. testudinum and S. filiforme.
Nevertheless, the near-shore seagrass meadows fill a very important ecosystem function and
should be protected to the greatest extent possible. The optical analyses described in this report
suggest that the observed sporadic occurrence of shallow H. wrightii beds in the NW quadrant of
OTB, and other areas in the upper portions of Tampa Bay, may result from potential light quality
limitation. Practical management options to improve the optical light quality in these areas
should be explored. Specifically, a better understanding of possible options to control the high
energy light absorption caused by CDOM in waters above the near-shore Tampa Bay seagrass
meadows is needed. An important first step to explore potential management options for CDOM
in Florida estuaries is under-way in the Charlotte Harbor system. Here, a workshop scheduled for
June 2007 will address numerous CDOM issues, including potential relationships between
CDOM concentrations in the estuary and land-use changes. Results from the workshop may help
provide practical management options for the protection and restoration of the near-shore Tampa
Bay seagrass meadows.
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Table 1. Locations and sediment surface elevations of seagrass survey sites in the NW
quadrant of Old Tampa Bay. Elevations were measured during 2002 and 2003 and again
in 2006.

NE S1T5

NW
S1T17

SE
SW

S1T6

S1T16

Figure 1. Location of the four permanent seagrass transects in the four quadrants of the
Old Tampa Bay study area.

Transect S1T17

Figure 2. Location of seagrass study sites and transect in the NW quadrant of Old Tampa Bay.

S1T17
Old Tampa Bay
Feather Sound

Bar Contour
Not compensated for tidal stage
Not related to elevation datum

May 2001
Caulerpa prolifera
Halodule wrightii
Syringodium filiforme
Thalassia testudinum

Oct 2001
Halodule wrightii
Syringodium filiforme

May 2002
Halodule wrightii
Syringodium filiforme
Thalassia testudinum

Oct 2002
Caulerpa prolifera
Halodule wrightii
Syringodium filiforme

May 2003
Caulerpa prolifera
Halodule wrightii
Syringodium filiforme
Thalassia testudinum

Oct 2003
Halodule wrightii
Syringodium filiforme

May/June 2004
Caulerpa prolifera
Halodule wrightii
Syringodium filiforme

Nov 2004
Ruppia maritima
Halodule wrightii
Syringodium filiforme
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Figure 3. Distribution and abundance of Ruppia maritima, Halodule wrightii,
Syringodium filiforme, Thalassia testudinum, and the attached alga, Caulerpa prolifera,
along Transect S1T17 (NW Quadrant) from May 2001 - October 2006 (continued next
page).

S1T17
Old Tampa Bay
Feather Sound

Bar Contour
Not compensated for tidal stage
Not related to elevation datum

May 2005
Caulerpa prolifera
Ruppia maritima
Halodule wrightii
Syringodium filiforme
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Caulerpa prolifera
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Caulerpa prolifera
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Figure 3 (Continued). Distribution and abundance of Ruppia maritima, Halodule
wrightii, Syringodium filiforme, Thalassia testudinum, and the attached alga, Caulerpa
prolifera, along Transect S1T17 (NW Quadrant) from May 2001 - October 2006.
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Not related to elevation datum
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Syringodium filiforme
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Thalassia testudinum

2000
Caulerpa prolifera
Halodule wrightii
Syringodium filiforme
Thalassia testudinum

2001
Ruppia maritima
Halodule wrightii
Syringodium filiforme
Thalassia testudinum

May 2002
Ruppia maritima
Halodule wrightii
Syringodium filiforme
Thalassia testudinum

Oct 2002
Ruppia maritima
Halodule wrightii
Syringodium filiforme
Thalassia testudinum
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Ruppia maritima
Halodule wrightii
Syringodium filiforme
Thalassia testudinum
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Figure 4. Distribution and abundance of Ruppia maritima, Halodule wrightii,
Syringodium filiforme, Thalassia testudinum, and the attached alga, Caulerpa prolifera,
along Transect S1T5 (NE Quadrant) from October 1998 - October 2006 (continued next
page).
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Ruppia maritima
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Thalassia testudinum

Oct 2005
Ruppia maritima
Halodule wrightii
Syringodium filiforme
Thalassia testudinum

May 2006
Caulerpa prolifera
Ruppia maritima
Halodule wrightii
Syringodium filiforme
Thalassia testudinum

Oct 2006
Ruppia maritima
Halodule wrightii
Syringodium filiforme
Thalassia testudinum
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Figure 4 (Continued). Distribution and abundance of Ruppia maritima, Halodule
wrightii, Syringodium filiforme, Thalassia testudinum, and the attached alga, Caulerpa
prolifera, along Transect S1T5 (NE Quadrant) from October 1998 - October 2006.
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Oct 2002
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Thalassia testudinum
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Figure 5. Distribution and abundance of Ruppia maritima, Halodule wrightii,
Syringodium filiforme, Thalassia testudinum, and the attached alga, Caulerpa prolifera,
along Transect S1T16 (SW Quadrant) from October 2001 - October 2006 (continued on
next page).
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Figure 5 (Continued). Distribution and abundance of Ruppia maritima, Halodule
wrightii, Syringodium filiforme, Thalassia testudinum, and the attached alga, Caulerpa
prolifera, along Transect S1T16 (SW Quadrant) from October 2001 - October 2006.
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Figure 6. Distribution and abundance of Halodule wrightii, Syringodium filiforme,
Thalassia testudinum, and the attached alga, Caulerpa prolifera, along Transect S1T6
(SE Quadrant) from October 1998 - October 2006 (continued next page).
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Figure 6. (Continued). Distribution and abundance of Halodule wrightii, Syringodium
filiforme, Thalassia testudinum and the attached alga, Caulerpa prolifera, along Transect
S1T6 (SE Quadrant) from October 1998 - October 2006.

SEDIMENT SURFACE ELEVATIONS (mLMSL) MEASURED
IN OCTOBER 2002, NOVEMBER 2003, AND JULY AND SEPTEMBER 2006
AT SEAGRASS STUDY SITE NW1 IN OLD TAMPA BAY
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Figure 7. Sediment surface elevations (mLMSL) measured in October 2002, November 2003,
and July and September 2006 at seagrass study site NW1 in Old Tampa Bay.
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Figure 8. Sediment surface elevations (mLMSL) measured in October and November 2002
and October 2004 at seagrass transect S1T6 (SE quadrant) in Old Tampa Bay.

SEDIMENT SURFACE ELEVATION (mLMSL) MEASURED
IN OCTOBER 2002, OCTOBER 2003, AND MAY 2005
AT SEAGRASS TRANSECT S1T16 (SW QUADRANT) IN OLD TAMPA BAY

TRANSECT LENGTH, m

ELEVATION LMSL, m

0

200

400

600

800

1000

0.0

0.0

-0.2

-0.2

-0.4

-0.4

-0.6

-0.6

-0.8

-0.8

-1.0

-1.0

-1.2

-1.2

-1.4

-1.4

OCTOBER 2002
OCTOBER 2003
MAY 18, 2005 RUN 2

-1.6

-1.6

-1.8

-1.8

-2.0

-2.0
-82.619

27.885

LATITUD

E

27.890

-82.620

ITUDE
LONG

Figure 10. Sediment surface elevations (mLMSL) measured in October 2002, October 2003
and May 2005 at seagrass transect S1T16 (SW quadrant) in Old Tampa Bay.

SEDIMENT SURFACE ELEVATION (mLMSL) MEASURED
IN OCTOBER 2002, MAY 2005 AND SEPTEMBER 2005
AT SEAGRASS TRANSECT S1T5 (NE QUADRANT) IN OLD TAMPA BAY
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Figure 9. Sediment surface elevations (mLMSL) measured in October and December 2002,
November 2003, and May and September 2005 at seagrass transect S1T5 (NE quadrant) in Old
Tampa Bay.
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Figure 11. Sediment surface elevations (mLMSL) measured in October 2002, October 2003,
January 2005 and April 2006 at seagrass transect S1T17 (NW quadrant) in Old Tampa Bay.
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Figure 12. Locations of ground cover examinations in the Largo Inlet area and the mouth of
Allen Creek on the western side of Old Tampa Bay. Photograph taken on October 28, 2004.
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Figure 13. Locations of ground cover examinations in Mobbly Bay in northern Old Tampa
Bay. Photograph taken on April 5, 2005.
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Figure 14. Locations of ground cover examinations near Channel A in northeastern Old
Tampa Bay. Photograph taken on April 5, 2005.
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Figure 15. Locations of ground cover examinations near Rocky Point in eastern Old Tampa Bay.
Photograph taken on October, 28 2004.
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Figure 16. Map of Old Tampa Bay showing locations of permanent seagrass transects (red
eclipses), seagrass study sites (blue dots), and other areas groundtruthed (yellow stars)
during the project.
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Figure 17. Water quality sampling locations in the NW quadrant of Old Tampa Bay
visited during the PCEF I study in 2002 and 2003.
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Figure 18. Relationship between field measured and optical model estimated PAR light
attenuation coefficients (kd) for samples collected in the NW quadrant of Old Tampa Bay
during the PCEF I study in 2002 and 2003.
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Figure 19. Contours of model estimated PAR light attenuation coefficients (Kd) for
samples collected in the NW quadrant of Old Tampa Bay during the spring and early
summer of 2002. The red circles show the location of seagrass survey sites along seagrass
transects S1T17.
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Figure 20. Percent of incident PAR light (Io) reaching the sediment surface along
seagrass transect S1T17 in the NW quadrant of Old Tampa Bay. Also shown are the PAR
light attenuation coefficients (kd(PAR)) and the relative contributions to kd(PAR) by the
three water quality parameters, color (CDOM), chlorophyll-a, and turbidity (NTU).
Graphs A,B, C, and D shows the conditions in spring and early summer of 2002, late
summer and fall of 2002, spring and early summer of 2003, and late summer and fall of
2003, respectively.
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Figure 21. Monthly rainfall at Tampa International Airport, 2000 through 2006. The
black line shows the three month running average.
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Figure 22. Estimated mean seagrass abundance for about 40 survey points from shore to
the 1000m mark on seagrass transect S1T17 in the NW quadrant of Old Tampa Bay.
Abundance was estimated using the Braun-Blanquet classification system. Also shown is
the 12 month total rainfall (mm) recorded at Tampa International Airport preceding the
seagrass survey dates.
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Figure 23. Linear regression plot of the data presented in Figure 22.

